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TITLB 

The Affect of Dimensional Changes 
on Square V-Notched Charpy Bars 

OBJJBCT 

To determine tne effect of reducing the cross-sectional area upon 
the transition temperature of square V-notched Charpy impact specimens. 

SUMKART 

Impact data over a range of temperatures are presented for the 
standard and for several sub-sited, square, V-notched Charpy specimens. 
These data are for one steel which has been given a single heat treatment. 

The effects of a reduction in cross-sectional area and of small 
changes in the notch upon the temperature of transition from ductile to 
brittle fracture are shown. 

The transition temperatures are taken from graphs in which the 
impact energy and the percent fibrous fracture ere plotted as functions 
of the testing temperatures. Four of the many leflnltions for transition 
temperature are used to compare the data. 

The impact energy values obtained from breaking eub-sised specimens 
on the small machine have been in good agreement with those values 
obtained from breaking similar specimens on the standard machine. 

CONCLUSIONS 

1. Bagardless of site of specimen, tne most uniform transition 
temperature, considering several criteria, is obtained using the definition: 
"The transition temperature is the lowest temperature at which the specimen 
breaks with a one hundred percent fibrous fracture, as taken from the 
percent fibrous fracture vs. testing temperature curve." 
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2. The transition temperature is decreaaed toy reducing the croae- 
sectional area of the specimen. 

3. The effect of small changes in the notch radius is negligible. 
Therefore, since it would facilitate machining, it is suggested that the 
standard notch radius he used in all bars. 

U. The shallow notch increase« the impact energy by increasing the 
area under the notch; however, the transition temperature is lowered. 

5. When it is necessary to reduce the size of the Chnrpy specimen it 
appears advantageous to use as large a sub-sice specimen as possible with 
the standard V-notch (group II). 

S. C. B0JTÜM 
Physicist 

APPROVE) s 

J. L. KABTIN 
Director of Laboratory 

;   . 



i           SüTE: •This   form is   to be executed to show proposed dint r ibut ion, and forw/trded in tr ipl icnte   to the              j 
j                       Chief of Ordmnce   for  prior  npprovi I of ill distributions.    Proposed distribution  to ifiencies              j 
i                        or   individuals whose official   interest   in the report    is   not  obvious  must  be  jmtified by ex-              \ 

planatory statements on  the back of  this   form. 

\ BINDIIK AREA                                               FORM NO.   0RDBE-3U2L.   (Rev.)  2   Sept.   19U7                                                  BINDING AREA] 

COPIES               cK 
1 POF P» PF n 

WATERTOWN   ARSENAL 

TFr.HMir.AI   RF PORT DI.STRI RUT ION 

EXTRA C 
REMIUNI NC            20                | 

112/75 
1 DC DrtOT    un ..    The Effect  of Dimensional  Changes on Square 

V-Not chad Charpy Bars                                                                                | 

|                      TO: 

O  LÜ 

. a 
O O 

O   -1 

o 

<    0- 
o   < 

UJ      >- 

•«      UJ TO: 
tea 
o o 

O   -J 

f £ UJ    ►—   I 
>        z   1 
<      UJ 

1 WATERTOHN ARSENAL-ORDBE OTHER: 
I      Iubcratcrv File 1 1     Ü of California :. 
1      Author: i i     Armour Research Toundation 

OFFICE.  CHIEF OF  ORDNANCE 1     Naval Prcvinc Ground 
ORDIR-APtlllers 1 I     Penn State College 

1      ORDIM-AinmunUlon 1     iuAer 
ORDIT-AUtomOtlve 1     BuShi^s 

1      0RDIS-6mftU Anns j     BuCrd 
j       ORDTB-Res .  * Materials 1 NACA 

nRDTM-Ajmunltlon Dev. 1 Hq.  USAF.  '„'rieht  Field 
!       ORDTR-ArtUler^ Dev. i I     Naval Research Labr 
1      ORDTS-Small Anns Dev. 1      1 1     Navy Research r i 
i       ORDTT-TanK Autonotlve i I 

ORDTrr-Roctet Dev, i 
1       ORDTX-Eiecutlve 
S       ORDTX-AR - Executive Library 1 
1  ORDNANCE  DEPARTMENT AGENCIES 

ORDBA-FranKford Arsenal 1 
1      ORDBR-Plcatlnny Arsenal 1 
1      ORDBC-ROCK Inland Arsenal i 
j       nRDRD-Sprlngfleld Armory i 
1       ORDBF-U'atervllet Arsenal 1 
1       ORDBO-Aberdeen Prov,  Ground 1 
1      ORUJR-Rarltan Arsenal 
i       ORDMX-Detroir Arsenal i 

j     wan \ 

■ .A: 
i             ferrous Metallurgy iJr. 1 
j            Armor & Aramanition Br. 
I            Materials iJr. 1     ' 
|            Dr.  Jaffa 2 
i           Hiss H.  H.  Norton i 

1   APPROVING AUTHORITY:                                                                                                                                                                              1 
1       itr.:        Ist   Ind.   WTH U6l/n%.     CO.   UOQ.ll?/! XIP^-OHBTB                                                                      i 
i      Dale:        IB i'eDruary iwl 

from:        OHTTB-Materiala                                                                                                                                           1 

1 
:.    '    "■—  

1 
-'   ;     . / ■ ■ 



INTRODUCTION 

With the necessity of using smaller sited test specimens increasing, 
it is desirable to know how the data obtained from sub-sized specimens compare 
with those from the so-called standard specimens. It is the purpose of this 
report to correlate the data from sub-sized 7-notched Charpy impact bars with 
data from standard T-notchel Charpy specimens. 

Of the literature reviewed, only one paper revealed previous work on the 
effect of tne size of V-notched Charpy specimens on the transition temperature. 
This was a report1 from this Arsenal which indicated that the apparent trans- 
ition temperature is decreased with reduction of the cross-sectional area. 
However, it should be noted that the specimens in this previous investigation 
did not have their dimensions reduced proportionately. 

junmi AND msT pBocrouia 

In the present report three groups of sub-sized specimens were used. 

Oroup I - all dimensions except length decreased proportionately- 

Group II - same as Group I except that the radius at the bass of the 
notch was that of the standard sized specimen«. 

Group III - same as Group I except that the notch was shallower and 
had a smaller radius at the base. 

If standard machines are to be used for testing Charpy bars, it is 
impossible to reduce the length of the bar proportionately with the other 
dimensions, therefore most tests were made with bars of standard length. 

The specimens used in this investigation were machined from hot rolled 
SAB 3100 bar stock of 5/8" diameter. The chemical analysis showed the 
material to be of the following composition (in percent): 

fi üa       Si 1 £IiCrH2l 

• 385        .79      «30      .028      .015      1.26       .77      .02    <.01 

Blanks from which the specimens were machined were heat treated in 
.U20" squares 2.1b" long. They were austenitized at 925*C (1700oF), held 
1 hour at temperature and air cooled. After this they were tempered at 
650oC (1200*?) for 1 hour and water quenched. This treatment produced a 
structure of tempered bainite with about 5 percent tempered martensite. 

1. D. 1. McCarthy A  J. H. Holloaon, "Investigation of Sub-Sized Charpy 
Specimens" WAL 112/Ug. 
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The austenitlc grain size was ASTM 8 and trie Rockwell NC" haHnesB of the 
tempered specimens was 18-22. After hent treating, the specimens were 
machined to the dimensions indicated in Table I. Ten specimens of each 
site were used to obtain the transition curves. 

With the exception of the short length specimens, all bars were 
tested on a standard 217 foot-pound Cherpy machine whose striking velocity 
is lb.8 feet per second. The standard gage length of 1.57 inches was used. 
The striking head was designed according to the specifications of the 
American Society for Testing Materials. 

The short length bars were tested on a small impact machine with a 
capacity of lb foot-pounds. The striking velocity was 11.5 feet per second. 
The striking edge had a radius of .109" and the distance between supporting 
edges of the specimen anvils was 1.0 inches. 

RgSULTS AND DISCUSSIQM 

The data (Table II) collected in this investigation are plotted in 
figures 1 and 2. Figure 1 presents the percent fibrous (ductile) fracture 
of the specimens as a function of the testing temperature. Figure 2 presents 
the Impact energy of the specimens as a function of the testing temperature. 

In analysing Impact data, there are many criteria by which the investi- 
gator may compare the data.  In recent years many of the investigators have 
used either the transition temperature or the transition range. The 
definitions for transition temperature or range, however, are very numerous.       » 
In this paper the data will be analysed using four of the many possible 
definitions. The first of the following definitions is the one being used 
at this Arsenal for transition temperature. 

1. The transition temperature is the lowest temperature at 
which a one hundred percent fibrous fracture is obtained, as taken 
from the percent fibrous vs. testing temperature curve. 

2« The transition temperature is that temperature at which 
the fracture is fifty percent fibrous, as read from the percent 
fibrous vs. testing temperature curve. 

3. The transition temperature is that temperature at which 
the energy is one-half the value obtained at the lowest temperature 
at which the fracture is one hundred percent fibrous. 

2. ASTM Standards. 19U7 Supplement, Part 1A, pp. 381-393- 
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U. The transition temperature is that temperature at which 
the energy aheorbed la one-half the sum of the values obtained at 
the lowest temperature at which the fracture Is one hundred percent 
fibrous and the highest temperature at which the fracture Is sero 
percent fibrous• 

Table III presents the transition temperatures for various groups of 
bars as obtained using the above definitions. 

On studying Table III It will be noted that the most uniform transition 
temperature, regardless of specimen else, is obtained by using lefinitlon 1. 
Also not* that in any group of specimens the reduction in cross-sectional 
area decreases the transition temperature. This verifies the earlier 
information. 

As shown by studying the groups, the effect of changing the radius of 
the notch on any given sized bar is small.  Therefore, since it would 
facilitate the machining of specimens to use the radius of the standard bar 
in all specimens (Group II), it is recommended that this be done. 

The use of the shallow notch (Group III) increases the Impact value 
obtained from fracturing the specimens; however, the transition temper- 
ature decreases. The increase in impact value is believed to be caused by 
the increase in the cross-sectional area under the notch of the specimen. 

1. See page 3. 



TABU I 

Dimeneional Character!gtiet of Speclment 

! £> 

v 

^— '^ L —* • <W> 
i 

All llnenslont to be + .002*  except radius at bottom of notch which shall 
be within ,001" and the angle of the notch which shall be ^ 1 degree. 

Piaensions (Inches) of Specimens 

Std**** 2ol6 

Specimen 
Type 
1/2 
1/2S* 
3/U 

L 
2Tl6 
l.UO 
2.16 

Group I 

D and W 
.197 
»197 
.296 

Group II 

H 
-039 
-039 
=059 

C 
o005 
o005 
.0075 

1/2R»* 
1/2S*H** 

2ol6 
lollO 
20l6 

"197 
-197 

Group III 

-039 
-039 
-059 

.010 
»010 
.010 

1/2V*** 
3/UH»** 

2ol6 
2ol6 

197 
0296 

Standard 

"0195 
-039 

.0025 
»005 

"39U "Q79 .010 

* S short length 
** H standard notch radius 

••• H shallow notch 
•••• Std standard V-notched Charpy bar 

■ 
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mäcf TIM miTÄ 

Sped «an Rockwell «0* Testing Impact Percent 
Ho. Hardnen Tonperature 0C ■nergy 7t-Lbf JlljrouB 

Fracture 

OrouD I     fTV 1/2 

811 20o0 + 26 u.u 100 
820» 21o5 f26 11„2 100 
81U 20o0 0 10o9 100 
815 20o0 -20 10.6 100 
817 18^5 :S 10.} 

3ok 
100 

812 20o0 80 
818 18.0 -6o 8.6 UO 
819» 19O5 =6o 8o2 UO 
813 22„0 -7« Ua 20 
816 20 „0 ^120 2,8 0 

* Small tettlng uachine used to  oreak these epeclmene. 

Oroiip I       Typ» 1/2 8 

851* 20o5 -ko 8.9 80 
855 19O5 -60 8c 8 60 
856 I9o0 -78 7c0 Uo 
857 19 oO ^100 koO 20 
832 I9o0 -120 3.8 <10 

831 20.5 ^26 35.8 100 
831* 21 oO 0 3U.2 100 
837 20o5 -10 35=0 100 
835 19-5 ^20 27o6 

2609 
80 

832 19O5 -»«0 ?° 838 2O0O -»W 2^.3 Uo 
»39 20.0 -60 13.6 25 
833 19c 5 ^78 10.6 5 
836 20o0 -100 6.6 0 

1——  
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Specimen 
Noo 

865 
880 
8101 
810U 
866 
8118 

879 
8112 
8113 

875 
889 
890 
868 
8116 

87^ 
8109 
8110 

S62 
887 
8101 
8100 

■77 
8115 
886 

8105 
SllU 

Rockvell NC" 
Bardneei 

TABLE 21 (Cont.) 

Testing 
Temperature 0C 

Impact 
Energy 7t-LbB 

19 o0 
18o5 
18.0 
19 oO 
19. 
18, 
18. 
18, 
18. 

18c 
18 c 
18o 
18 c 
18o 
18o 
18 c 
1805 
I80O 

oO 

5 
.5 
5 

oQ 

>5 
oO 

19 oO 

18o5 
20o0 

19O5 
19.0 

19O5 

19O5 

19.5 
19O5 

Group II       fro» l/g H 

. 22 
0 

-20 

:£ 
-70 
-90 

-120 

Oroup II       ftnae 1/2 SR 

+ 22 
0 

=20 

-40 
-55 
=70 
^90 

^120 

JI       ftme^AB 

+ 22 
0 

"10 
-20 

-55 
=70 
-90 

-120 

12 
13 
12 
10 
10 

9 
7 
6, 
3 

13. 

\l 
Ik, 
13. 
13< 
10 < 

.6 
3 

,6 
,6 
3 

,2 
2 

M 
3 

U0P3 
39»! 
33«« 
33 08 
22o9 
18c 7 
12.6 
11.8 
3o8 

Percent 
Jibrous 
fracture 

100 
100 
100 
80 
80 
60 
30 
10 

5 

5 100 
k 100 
2 100 
2 100 
8 80 
2 75 
0 50 
3 1*0 
8 10 

100 
100 

90 
90 

20 

5 
0 



IABLS II (Conto) 

Specimen Bockwell "0"       Teetl og Impact Percent 
No. Hardnets      Temperature 0C Energy Ft-Lbe yibroue 

Fracture 

Group III   Tyre 1/2 H 

81 20o5 26 17.7 
1608 

100 
89 20o5 -10 100 
82 21 oO -*0 16^ 100 
85 19.5 -50 11.8 60 
88 18o5 -50 l*cl4 30 
8U 20=5 -60 12.* 50 
«3 20o0 -78 10.0 25 
810 20o0 -100 M 0 
86 20.5 -120 2.3 0 

OTOUD III   STM 3/* I 

821 19.5 ^26 50.1 100 
s?u 20.0 0 *6t6 100 
827 20o5 -10 *6.2 100 
825 20.0 -20 37o* 80 
830 19.5 -20 37o8 80 
822 19.0 -1« 35o,< 60 
829 19 c5 -*o 36.2 75 
828 19=5 -60 19.1 25 
823 19.5 -78 18.1 15 
826 19O5 -120 8o3 0 

Standard ltd HMI TreataaBt 1. 

8U1 20.0 ^26 90.8 100 

sM? 
19.0 
19 cO 

.10 
0 

87.2 
63.2 

100 
80 

8*7 19 oO 0 7801 100 
8*9 19.0 -20 79.6 100 

8*2 
19.5 
19.0 t 51.0 

*lo5 
60 

8*8 19.5 -*0 39ol 30 

% 
19.0 -78 19.1 5 
20.0 -100 13O3 0 

— ' '■ 
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TABLE II  (Conto) 

Specimen Rockwell "C" Testing Impact Percent 
Hoc Hardneat Temperature 

0c Inergy Pt-Lbs Flbrout 
Fracture 

Standard   Std Beat Treatntn* 

871 18o5 •»-22 9^.9 100 
883 19-5 0 98c 5 100 
892 18o5 -10 99.5 100 s 19o5 -15 89.3 

68,11 
100 

19..0 -20 80 
897 
872 

18^5 
19O5 :£ 52.8 

3U02 30 
878 19.5 -70 26o 5 10 
898 I9c5 -90 18o7 0 

I 
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IABLI III 

Traneltion Teoperatura« (in *C) 

SpeelBBn Group« 

II III Standard* 

Definition l/2 1/28 3/U  l/2R  1/28H  3/I4H 1/2H 3/HH H.T. 1  H.T. 2 

1 -28 -25 -10 -28 -30 

2 -55 -70 -37 -55 -75 

3 -73 -95 -53 <-90 -108 

U -69 -83 -U3 -53 -70 

-13 -30 -13 -19 -16 

-75 -63 -U5 -33 -26 

-108 -82 -55 -38 -33 

-70 -70 -U8 -32 -27 

* Standard Heat Treatment 1 and Heat Treatment 2 values are taken 
from curves made from two separate groups of standard size bars 
heat treated at different times. 
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